Introduction
In recent years, there has been a significant interest in microstructured optical fibers also referred to as photonic crystal fibers (PCFs). PCFs are optical fibers that employ a microstructured arrangement of low-index material in a background material of higher refractive index. This gives rise to very different wavelength dependencies than what is known from bulk material and the resulting remarkable properties have been extensively described in literature [ 1,2]. The possibility for designing highly birefringent PCFs by employing a non-circular core design has previously been reported [3,4]. In small core fibers designed for high non-linearities, the core tends to be very isolated -a fact that has been exploited for simple modelling of optical properties by simply ignoring the cladding region and considering only the core suspended in air [5]. In this work we present simple modelling of birefringence in a fiber with an isolated core having a noncircular cross section. We approximate it with a rod in air having an elliptical cross section. Birefringence values in the order of l o 2 are reported and compared with both full structural simulations and measurements camed out on a real fiber. These values are significantly larger than what is known from polarization maintaining standard fibers such as Bow Tie and Panda Fibers.
Here the typical values are in the order of 10" [6].
Results
The established model considers a dielectric material, invariant in one dimension, with an elliptical cross section, and surrounded by air. Hence, the only parameters are the refractive index of the rod and the major-and minor axis of the ellipsoid, DI and D2. Calculation of the supported modes was performed using a full vectorial mode solver. In the calculations D1 is kept constant and serves as a fimdamental length scale whereas D2 is varied to realize different eccentricities, &=D2/DI. In Figure 1 , the difference in effective index for the two fundamental modes is dotted as function of normalized wavelength for a range of eccentricities. The dotted section of the curves represents the wavelength region in which the fiber only supports the two fundamental modes. This is important to keep in mind since the birefringence value only makes sense in the case where only the fundamental modes are present.
For each value of the eccentricity, the birefringence is seen to have a maximum value that moves towards shorter wavelengths as the core becomes more elliptical. Furthermore, the cutoff wavelength is positioned below the peak value for all considered eccentricities. Very high birefringence values are observed, also in regions that are realistic from a PCF design point of view. For instance, an eccentricity of 0.8 will result in birefringence values in the order of for normalized wavelengths around 1. The air-filling fraction in the region around the core is high and the core is only connected to the rest of the structure through thin silica bridges, much thinner than the order of near IR wavelengths, and is therefore a reasonable model example.
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As shown on the SEM, the core was fitted with an ellipsoid having an area approximately equal to that of the real fiber core. The fitted ellipsoid had a major-and a minor axis of 2.15 pm and 1.53 pm respectively, yielding an eccentricity of 0.71. A birefringence calculation using the simple model was then performed along with a simulation based on the SEM picture from figure 2. This simulation employs the exact SEM picture as a super cell without further approximation. The results from both of these calculations are plotted in figure 3 as function of wavelength and good agreement is clearly observed. At wavelengths above a few pm, the SEM simulation becomes increasingly inaccurate due to the limited size of the applied super cell. A simple model for calculation of the birefringence in asymmetric isolated core PCFs employing approximation with an ellipsoid suspended in air is presented. Birefringence values in the order of IO-* are obtained and comparison with both calculations based on a SEM picture of a real fiber and measurements performed on the same fiber are presented. In both cases good agreement is observed.
